No study has examined infection rates in "clean" cases following "dirty" cases. This study evaluated patients undergoing elective primary total joint arthroplasties performed in operating rooms following cases of known infection for development of postoperative infection. A retrospective review of all elective primary total joint arthroplasties performed over a 5-year period at our institution was conducted. Patients who underwent primary total joint arthroplasties that followed cases of known infection in the same operating room were examined (minimum follow-up of 1 year) to determine the occurrence of infection based on culture data and subsequent procedures. Thirtynine total joint arthroplasties (27 total knee arthroplasties and 12 total hip arthroplasties) in 35 patients were performed following cases of known infection in the same operating room. Of these patients, 1 (2.6%) developed a periprosthetic joint infection. The infecting organism (Propionibacterium acnes) was the same as that isolated from the preceding "dirty" case. Further investigation is necessary to determine whether performing primary total joint arthroplasties immediately following "dirty" cases increases risk of infection.
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I nfections following prosthetic hip and knee replacements are serious complications that can cause signifi cant pain and dysfunction in patients. Reported infection rates after primary total knee arthroplasty (TKA) range from .39% to 2.5%, [1] [2] [3] [4] while infections following primary total hip arthroplasty (THA) range from .2% to 2.2%. 2, 5, 6 Approximately 12,000 prosthetic joint infections occur annually in the United States, with an estimated cost of 600 million dollars a year, 5, [7] [8] [9] and recent epidemiologic studies suggest that both the incidence and prevalence of infection following total joint arthroplasty are increasing over time. Infection is currently the most frequently reported cause for revision following TKA. 10 Observational studies conducted over the past 3 decades suggest that multiple factors can contribute to infections in patients undergoing joint replacement surgery, including host factors (ie, medical comorbidities), surgical factors (ie, increased surgical time and bilateral procedures), and in some studies, failure to implement infection countermeasures, such as laminar fl ow or use of antibioticimpregnated bone cement. [11] [12] [13] [14] [15] A common practice to minimize infections is to avoid scheduling known infection cases ("dirty") to precede cases that do not involve infection ("clean"), particularly joint replacements. However, there are times this "rule" is broken due to operating room availability, scheduling diffi culties, and other systems and patient variables. Therefore, the purpose of this study was to determine the occurrence of infection in patients who underwent elective primary THA or TKA performed in operating rooms following cases of known infection.
MATERIALS AND METHODS
We conducted a retrospective review of all operating room cases performed at our institution over a 5-year period. This study was approved by our hospital's Institutional Review Board. The preoperative diagnosis was osteoarthritis in all cases with no cases of rheumatoid, psoriatic, or other infl ammatory arthropathy. The minimum follow-up for the study was 1 year, and no patients were excluded.
All primary total joint arthroplasties ("clean cases") that followed "dirty" cases were identifi ed in the following fashion. First, we identifi ed "dirty" cases. Our hospital's computerized surgical scheduling system was used to identify all cases entitled/coded as, "irrigation and debridement," "removal of hardware or prosthesis," "removal of prosthesis and placement of an antibiotic cement spacer," and "revision THA or TKA." The operative records and culture data for each of these cases was individually reviewed to determine the presence or absence of infection. A "dirty" case was any case involving "irrigation and debridement" or "removal of prosthesis and placement of an antibiotic cement spacer" regardless of positive or negative culture data. These cases were considered "dirty" regardless of culture data because the performing surgeon had a high suspicion of infection. Cases labeled as "removal of hardware or prosthesis" or "revision THA or TKA" were considered "dirty" only if the culture data from these cases was positive. Once the "dirty" cases were identifi ed, any instance where a primary THA or TKA followed a "dirty" case was further evaluated for the presence or absence of a postoperative infection.
At our institution, all total joint arthroplasty cases were conducted in rooms with vertical laminar fl ow with a standardized method of operating room cleaning between cases. There was no difference between inter-case cleaning and terminal cleaning at the end of the day other than the fact that all equipment was removed from the operating room prior to terminal cleaning. The disinfectant agents used in both situations was the same: 10.14% -Didecyl dimethyl ammonium chloride and 6.76% n-Alkyl (C14, 50%; C12, 40%; C16, 10%) dimethyl benzyl ammonium chloride. These are broad-spectrum neutral disinfectants that are bactericidal, virucidal, fungicidal, and mildew-static. All patients at our institution receive appropriate preoperative antibiotics 30 to 60 minutes prior to skin incision.
Every primary THA or TKA ("clean" case) that followed a "dirty" case was evaluated in the following fashion. Preoperative data, including demographics, prior hip or knee surgeries, history of infection, and medical comorbidities that may increase the risk of infection (ie, diabetes, immunodefi ciency, smoking, or positive urinalysis), was recorded. Patient charts were reviewed to determine the infection rate in cases of primary THA/TKA that followed a "dirty" case. If an infection occurred, culture data from the subsequent irrigation and debridement or aspiration was compared to the culture results acquired from the "dirty" case that preceded the index primary THA/TKA.
RESULTS
Between 2004 and 2009, 3879 primary hip and knee replacements were performed at our institution. Of these cases, 39 (27 TKAs, 12 THAs) were performed in an operating room immediately following a "dirty" case. There were 11 men and 24 women with an average age of 64 years (range, 40-96 years). Four patients underwent bilateral operations (3 bilateral TKAs, 1 bilateral THA). The minimum follow-up was 1 year, and no patients were lost to follow-up. Infected ("dirty") cases preceding these cases included removal of prosthesis with placement of antibiotic spacer (n=14), irrigation and debridement with polyethelyne exchange (n=12), revision TKA/THA with positive intraoperative cultures (n=6), treatment of native septic arthritis (n=1), superfi cial irrigation and debridement (n=1), and hardware removal with positive culture (n=1). The microbiology of these cases is outlined in the Table. One "clean" case (2.6%) developed a deep infection at 9 weeks following THA and underwent a single stage exchange. The patient was a 55-year-old man with no signifi cant preoperative comorbidities or surgical history. The bacterium isolated at the time of the reoperation was Propionobacterium acnes. This "clean" case was performed following a case of irrigation and debridement and polyethylene exchange of an infected TKA in which P acnes was also the offending organism. At last follow-up, the patient undergoing THA was infection-free following singlestage exchange and treatment with intravenous antibiotics for 6 weeks. No other infections among "clean" cases occurred.
DISCUSSION
Infections following hip and knee replacements are serious complications that can cause signifi cant pain and disability to the patient and place signifi cant cost burden on the health care system. While the causes of infections are likely multifactorial and affected by host factors and surgical factors, a sound operating room practice (ie, limiting operating room traffi c during total joint arthroplasty) can also contribute to minimizing the risk of infection. As no standardized operating room sanitation protocol is completely effective in creating a truly sterile environment, it is well known that surfaces within the operating room can act as reservoirs in which microorganisms can survive for variable periods of time, increasing the risk of cross-contamination through indirect contact between patients. 16, 17 A common practice in orthopedic surgery is to avoid scheduling noninfected "clean" cases following cases of infection. However, occasionally, this "rule" may be broken due to scheduling, systems, and patient variables. Furthermore, some surgeons may consider this unwritten "rule" to be outdated and inconsequential in clinical practice. Therefore, the purpose of this study was to evaluate the occurrence of postoperative infection in patients who underwent elective primary THA/TKA performed in operating rooms following cases of known infection.
There are several limitations to this study. First, this is a retrospective and observational study, and therefore, it is limited in its ability to make signifi cant predictions. Second, our sample size is small, and thus, limits the power of our analysis. Finally, the causes of infections following THA/TKA are multifactorial and dependent on many factors, including patient-variables, variability in room or patient cleaning/sterilization, time interval between "dirty" and "clean" cases, etc. Therefore, one cannot defi nitively attribute any subsequent infections solely to operating room procedures. Additionally, no advanced microbiological testing could be completed on the P acnes isolated from each case to determine that they were the same organism. However, because our one case of infection occurred relatively shortly following arthroplasty, with a relatively uncommon organism for hip and knee infections (P acnes), and with the same organism from the preceding "dirty" case, we feel that in this instance, the sequence of surgical cases largely contributed to this outcome.
To our knowledge, no studies of this type exist in total joint arthroplasty, or more generally, in any other type of surgical specialty. This is a diffi cult topic to study because many variables, some of which cannot be adequately studied in a retrospective manner or controlled in a prospective manner, can contribute to the manifestation of a postoperative infection. Patient-specifi c risk factors for postoperative infection have been well-studied, and include infl ammatory arthropathies, drug or radiation-induced suppression, and multiple medical comorbidities, such as insulin-dependent diabetes. Additionally, many sources of operating room contamination have been identifi ed in previous studies, including microbial contamination of orthopedic tourniquets, 18 use of water impervious gowns and drapes, [19] [20] [21] glove perforation, 22 and suction tip contamination, 23 among others. While some studies have demonstrated reduced contamination with use of laminar fl ow rooms, [24] [25] [26] others have shown no difference between wound contamination in cases performed with and with no laminar fl ow. [27] [28] [29] Regardless, the major source of airborne bacteria in the operating room is the skin of the individuals present. 30 Despite advances in surgical preparation, the single most important factor in reducing infection is routine use of antibiotic prophylaxis. 2 These results show that despite modern operating room sterilization techniques, THAs and TKAs performed following cases of known infection may become contaminated. Although multiple patient and environmental factors have been identifi ed by previous studies to increase rates of surgical contamination, this is the fi rst investigation that specifi cally examined case order. We encourage caution in the practice of performing joint replacements following cases of known infection and believe that there is a need for further study to determine the true risk associated with this practice.
